




























































































cones are much larger and contain more filler seeds than those of mature 
trees. 

S96d Orchards 
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For the time being, the Eaglehead Seed Orchard will be the principal source of 
genetically improved black spruce seed for the Nursery Program. This orchard 
was established in 1978, rogued in 1986, and produced it's first crop in 1987. 
Small cone crops were produced in 1987-88, yielding about 7 pounds of seed. 
In 1989 a bumper cone crop of 13.3 bushels was harvested, yielding 7 pounds. 
This seed, or at least a portion thereof, should be moved into nursery 
production as soon as possible. 

There are several options for further seed orchard development in black 
spruce. These include no development, a 1.5 generation orchard, and/or a 
second generation grafted orchard. 

NO DEVELOPMENT 

Currently, the trees in the Eaglehead Orchard are 10-25 feet tall. Before too 
much longer, it will be increasingly difficult to harvest cones without an 
aerial lift. Topping experiments indicate this practice does not work well in 
black spruce. With the passage of time more and more cones will be produced 
at Eaglehead, but they will be increasingly expensive to harvest. 

Under the 'no development' option, the orchard would eventually be cut down to 
harvest the last cone crop. At that point, the Division would be without a 
source of genetically improved black spruce seed. Although it is difficult to 
predict, it is reasonable to estimate that the Eaglehead Orchard will be 
phased out of production by the turn of the century. 

1.5 GENERATION ORCHARD 

The 1978 black spruce Cooperative progeny test was planted on four separate 
sites by the DNR, Blandin Paper, Potlatch Corporation, and the University of 
Minnesota. A total of 200 open-pollinated families were included in the test. 
In 1986, data from these tests were used to construct a selection index, 
resulting in a numerical score for each and every tree in the test. The 
selection index was comprised of a value for family performance, plus a value 
for the performance of each tree in it's respective plantation. Thus, all 
trees in the test (nearly 11,000 trees) were ranked. Considerable genetic 
gain could be achieved by grafting the top 15-20 trees into a 1.5 generation 
orchard. 

At 10 x 15 feet spacing, a three acre orchard would contain 870 trees. This 
orchard would then be capable of producing at least 40 bushels of cones in a 
good crop year. This level of production should keep pace with the demand for 
black spruce seed in the Nursery Program. Assuming the selection of a 
suitable orchard site, phase-in of the 1.5 generation seed orchard would occur 
over a five year period. Beginning in 1990 with the potting of rootstock, 
grafting would take place during 1991-92, with orchard planting in 1993-94. 
This orchard would begin seed production by the late 1990's, or at about the 
time the Eaglehead Orchard has reached it's useful life. With a 1.5 
generation orchard, the Division would have a reliable source of genetically 
improved black spruce seed well into the 21st century. 

SECOND GENERATION ORCHARD 

A bonaf ide second generation orchard could be established with selections from 
a full sib progeny test. Development of this orchard is still some years 
away. Controlled breeding of black spruce is an ongoing project, but it will 
be several years before the full sib progeny test is planted (see following 



45 

section). Assuming the progeny test is established in the mid-1990's, at best 
the second generation orchard could be started 8-10 years later. Seed 
production would begin sometime in the 2010's. 

From the preceding discussion it is clear that the 1.5 generation orchard, if 
started soon, will provide a ready source of genetically improved seed when 
the Eaglehead Orchard is finished. It will also provide a good interim source 
before the true second generation orchard is ready. Final decisions on the 
course of black spruce orchard development depend on the perceived need for a 
source of genetically improved seed in the future. Whether or not the second 
generation orchard is developed, the 1.5 generation orchard remains a good 
choice to ensure genetically improved seed for the next 25 years. 

Progeny Testing 

In order to secure genetic improvement of black spruce for the next 
generation, full sib progeny testing will be needed. This involves the 
creation of a fully pedigreed population by controlled breeding, followed by 
the establishment of a Cooperative test. At present, the Division is in the 
midst of the controlled breeding stage. By the mid 1990's, enough seed should 
be available to begin the establishment of a second generation Cooperative 
progeny test. 

Cooperative Research 

The Division will continue to support and participate in black spruce 
cooperative research efforts. 

Black walnut 

One of the most highly prized North American fine hardwoods, black walnut has 
an important role in Minnesota forestry. In natural stands it occurs 
primarily as scattered individual trees, rarely in small groups. However, it 
performs well in plantation silviculture and is planted regularly in 
southeastern Minnesota. The Nursery Program has a steady demand for 300-
400, 000 walnut seedlings per year. 

In 1986 the Minnesota DNR became a charter member of the North Central Fine 
Hardwoods Tree Improvement Cooperative (NCFHTIC). This Cooperative is 
comprised of the state forestry organizations of Minnesota, Wisconsin, Iowa, 
Illinois, Missouri, Indiana, Ohio, and Michigan. The NCFHTIC has had a 
tremendous impact on hardwood tree improvement in the North Central Region. 
In walnut alone, members have selected 970 plus trees, most of which have been 
propagated by grafting. Considerable progress has also been made in 
establishing seed orchards and breeding populations. In just three short 
years Minnesota has selected an additional 80 plus trees, bringing the total 
to 140. About 130 of these trees have been cloned by grafting, and either 
have or will be planted in seed orchards and breeding sublines. 

S66d Source Control 

At the base level of applied tree improvement, seed source control has not 
been a major problem in black walnut. The species is only native to the 
southeastern part of the state, and principally within the Lewiston Area. 
The Nursery Prog~am purchases about 1400 green bushels of walnuts each year, 
roughly divided between Lake City, Caledonia, and Preston. This system will 
be maintained until such time as seed orchards begin producing regular crops. 
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Breeding Sublines 

Perhaps the most important effect of the NCFHTIC is to promote a cooperative 
approach to hardwood tree improvement. In this way, the workload of 
developing a base breeding population is shared. The Cooperative geographic 
area has been divided into three breeding zones which overlap state 
boundaries. Minnesota is included in a breeding zone with Wisconsin, northern 
Iowa, and northern Illinois. Each state in the breeding zone has the 
responsibility to establish and maintain separate "mini" breeding populations. 
These small breeding populations are known as sublines. 

The Cooperative has set a goal of at least 300 plus trees and 10 sublines for 
each breeding zone. To date, Minnesota has established four sublines of 25 
clones each, for a total of 100 clones. These sublines were planted in 1988-
89. Another set of grafts were produced in 1989 and will be used to establish 
a fifth subline in 1990. 

The breeding sublines are arguably the most important facet of the walnut 
applied tree improvement program. The sublines are the foundation upon which 
future genetic improvement rests. The Minnesota sublines are comprised of 25 
clones with about 5 ramets per clone. Managed like a seed orchard, the goal 
of the sublines is to produce nut crops as quickly as possible. These nuts 
will be harvested by clone, and used to establish progeny tests. New 
selections will be made from the progeny tests to form new breeding sublines 
for advanced generations of improvement. 

By the mid-1990's, the sublines should be producing nut crops sufficient to 
begin progeny testing. Attempts will be made to include at least two sublines 
in a single progeny test. 

S99d Orchards 

FIRST GENERATION 

In 1989, the Division established a 5-acre grafted walnut seed orchard in 
Olmsted County, near Rochester. The orchard contains about 440 trees 
representing 76 clones. A second orchard will be planted in 1990, containing 
about 45 clones and 300 trees. Both orchards will be managed intensively 
including pest control, weed control, mowing, and fertilization. 

Solid data on potential orchard production is scarce. Young orchards 
typically produce erratically. In Indiapa, walnut orchards about 10 years old 
produced an average of 500 nuts per tree • Using these figures as a guide, 
the Minnesota orchards should produce about 850 bushels in a good seed year, 
sufficient to grow about 150,000 seedlings. 

Seed orchard roguing must necessarily be delayed until progeny test data 
becomes available. Assuming progeny tests can be established in the mid-to­
late 1990's, the seed orchards could be rogued by midway through the first 
decade of the new century. Because of the necessity of progeny testing, the 
first generation orchards will stay in production about 25 years. 

SECOND GENERATION 

Selections for a second generation seed orchard will be available from the 
cooperators in each breeding zone. Thus, a Minnesota second generation 
orchard would likely contain clones originating in Minnesota, Wisconsin, Iowa, 

7
Mark Coggeshall, Tree Improvement Specialist, Indiana Department of 

Natural Resources. Personal Communication. 
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and Illinois. This type of approach has several distinct benefits. First, no 
one state has to produce all of the clones for a given orchard. Second, the 
seed resulting from such an orchard would be broadly adapted. Third, the 
production gene pool would include new genetic combinations that never could 
have existed in nature, thus building up genetic diversity. 

Establishment of the second generation seed orchard would occur sometime 
during the first decade of the 21st century. Seed production would begin 
about 2012. 

Progeny Tssting 

As soon as the sublines begin producing good seed crops, progeny testing will 
start. This should occur in the mid-to-late 1990's. Since walnut seed does 
not store well, it will be necessary to collect enough nuts from each clone in 
a subline all in the same year. A tentative objective is to try to install at 
least two sublines together in the same progeny test. This would be a total 
of 50 families planted on a minimum of two sites. 

The experimental design to be employed will be some form of the California 
Design (Libby and Cockerham, 1980). This design uses random non-contiguous 
plots in interlocked replications. It is an efficient design requiring fewer 
numbers of trees per family. This could be a very important feature, allowing 
the establishment of progeny tests at the earliest possible time. 

Coopsrstlve Rssearch 

The DNR-Forestry will continue to support and participate in cooperative 
research in black walnut. 

Red oak 

In recent years, the red oak resource has become increasingly important in 
Minnesota. Once under-utilized, today the harvest of red oak exceeds annual 
growth in some areas. Accordingly, red oak has become a more important 
species in the Nursery Program. The 1985 Nursery Seeding Plan called for the 
production of 230,000 seedlings. By 1988, sowing levels had risen to a 
production level of 1.5 million seedlings. It is worth noting that the 
availability of acorns is very periodic. In 1987 for example, acorns were 
sown at a rate to produce only 280,000 seedlings. About all that can be said 
is that demand for seedlings will remain strong, but the supply will be 
intermittent. 

Of the Minnesota fine hardwoods, red oak is clearly the most important species 
in terms of stumpage and value added products. For example, in 1982 the FOB 
mill price for 100" sawbolts was $ 52 per cord. By 1988 the price had risen 
to $ 86 per cord8

• ~he combination of high value and abundant genetic 
variation make red oak an attractive. choice for intensive tree improvement. 

Within the North Central Fine Hardwoods Tree Improvement Cooperative, the 
State of Wisconsin is actively working on red oak applied tree improvement. 
To date, Wisconsin has selected and grafted over 60 red oak plus trees. The 
framework of the Cooperative would allow the sharing of this material in the 
Minnesota program. The following plan will reflect the potential use of this 
material in Minnesota. 

8Minnesota Forest Products Price Report 1988. Minnesota Department of 
Natural Resources, Division of Forestry. 
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S99d Source Control 

As always, applied tree improvement begins with seed source control. For red 
oak, the establishment of seed production areas is very appropriate. A major 
problem with the oaks is periodic seed shortage. The development of a series 
of seed production areas could alleviate this problem. 

The demand for red oak seedlings comes from two areas; Region III and Region 
V. These Regions should immediately begin the development of several seed 
production areas for red oak. Candidate stands should be of high quality with 
good red oak stocking. Stands selected for seed production should then be 
thinned of all poor quality oak and all non-oak species. The goal is to 
create an open, park-like stand. This will have two direct benefits. First, 
opening up the stand will encourage heavier, and perhaps more frequent acorn 
crops. Second, a clean understory will aid the efficient harvest of acorns. 
The establishment of three seed production areas per Region would greatly 
improve the availability of local, adapted seed sources. 

Plus Tr99 Selection 

Given the current rate of red oak timber harvesting, it is of paramount 
importance that field foresters begin marking and saving red oak plus trees. 
In brief, the most important traits are those that affect wood quality, such 
as straightness and apical dominance. Red oak plus trees generally will have 
one or less crooks, and at least 45 % of total tree height in merchantable 
bole (up to the first fork). Plus trees should also be vigorous and fast 
growing. 

The preliminary target for plus tree selection is 50 trees each in Region III 
and Region V. These trees should be selected by January, 1992. 

Grafting 

The first red oak plus trees will be grafted in 1991 following procedures 
established by the Indiana DNR. Quality rootstock will be selected from 
nursery beds in the fall of 1990 and placed in cold storage. In March of 1991 
the rootstock will be potted and placed in the greenhouse. Scions will be 
collected and grafted as soon as the rootstock is ready. Surviving grafts 
will be overwintered and planted out the following spring. This sequence will 
be repeated in 1992. 

Sublines 

The goal of the initial phase of the program is to establish two, 25 clone 
sublines in each Region. To meet this goal, sites must be selected and 
prepared the summer and fall prior to planting. Site selection criteria 
include good access, loam soil, level topography, and isolation from wild 
sources of red oak. Because of the necessity of frequent intensive management 
practices (weed control, mowing, fertilization, irrigation), it is also 
desirable to locate subline sites near a work center. 

The planned implementation schedule for subline establishment is to plant one 
site in each Region in 1992, and again in 1993. Thus, at least one site in 
each Region must be selected and prepared by the fall of 1991. 
The sublines will be managed intensively in order to encourage early and 
abundant acorn production. These acorns will then be used to establish 
progeny tests. 
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S66d Orchards 

Red oak is a species that grafts fairly easily. Success rates of 80-90 % have 
been achieved by members of the NCFHTIC. Thus, there should be enough extra 
grafts to establish a seed orchard in each Region. At this time it is 
impossible to predict how large the orchards might be. However, a reasonable 
target is five acres. A five acre orchard planted at 20 x 20 feet would 
require about 540 grafts. 

Prediction of future orchard seed production can be a hazardous practice, 
especially in a species relatively new to the tree improvement scene. 
However, it seems reasonable to estimate production of about 20 bushels from a 
five acre orchard. This seed would produce about 54,000 seedlings. At this 
time it seems reasonable to limit orchard area to five acres each. The clones 
in the first generation orchards will be untested. More genetic gain will be 
achieved by using tested clones in second generation orchards. 

Progeny Testing 

As soon as the sublines produce sufficient seed, progeny tests will be 
established. This should occur by about the turn of the century. The 
experimental design will employ random non-contiguous plots with interlocking 
replications. Each subline will be tested on at least two separate sites. 

Cooperative Research 

The DNR-Forestry will continue to support and participate in red oak 
cooperative research. 

Aspen 

The rapid rise of aspen on the Minnesota forestry scene over the past 20 years 
has been well documented. In 1978 a total of 900,000 cords of aspen were 
harvested. Ten years later the statewide harvest had grown to 1.87 million 
cords. By 1995, total aspen harvest is expected to be about 2.8 million 
cords9

• Four major plant expansions or developments are committed, based 
solely on the aspen resource. 

Aspen is an ideal species for extensive forest management. It is fast growing 
and is readily reproduced following timber harvest. Typical yields of about 
30 cords per acre at age 50 are possible on good sites. However, a potential 
problem looms on the horizon. The aspen age class distribution contains a 
discontinuity in the 20-40 year age classes. This will amount to a shortage 
of aspen in about 10-15 years given the current level of utilization. 
The importance of the aspen resource has led the Division to begin 
investigating the potential for artificial regeneration. In 1988, the DNR­
Forestry became a member of the IPC Hybrid Aspen Cooperative. In 1989, the 
Division played a key role in relocating this Cooperative to Minnesota. The 
Aspen Cooperative brings over 30 years of research and development to 
Minnesota, setting the stage for a major thrust in applied aspen tree 
improvement. 
There is considerable potential for aspen tree improvement. The Aspen 
Cooperative has developed specific crosses that grow extremely fast with 

9John Krantz, Department of Natural Resources, Division of Forestry, 
Utilization and Marketing Program Supervisor. Personal Communication. 



50 

superior wood quality. Yield estimates of 30-40 cords per acre at age 20 have 
been made. Also, some crosses produce wood with significantly higher specific 
gravity and longer fibers. The cornerstone of the Aspen Cooperative is the 
triploid aspen. These crosses usually involve a tetraploid male Populus 
tremula mated to various diploid P. tremuloides females. Crosses between a 
tetraploid (four sets of chromosomes) and a diploid (two sets of chromosomes) 
yield a triploid (three sets of chromosomes). There are also several superior 
crosses involving normal diploid P. tremuloides parents. 

At present the Aspen Cooperative is the only source of improved aspen seed. 
Production has been fairly stable at about 1-1.5 million seeds per year. This 
level is not sufficient to meet expected demand. Thus it behooves the 
Division to begin the development of it's own aspen seed sources. 

S6BdSupp/y 

Until such time as the Division can develop it's own source of genetically 
improved aspen, the Aspen Cooperative will remain the principal source of 
seed. During this development phase improved seed will likely remain in 
limited supply. 

Clone Bank Development 

Through over 30 years of research, the Aspen Cooperative has identified a 
number of genetically superior crosses. The parents of these crosses are 
currently available in various arboreta in Minnesota and Wisconsin. Without 
delay, these parent clones should be grafted and established in a clone bank 
at General Andrews Nursery. Once the parents are established, the program can 
move toward the commercial production of improved seed. 

At present there are about 70 hybrid aspen seedlings potted up at General 
Andrews Nursery, available for use as rootstock. It may also be possible to 
obtain rootstock from other cooperators such as Blandin or Potlatch. The 
rootstock will be moved into the greenhouse in late February, 1990, following 
the completion of spruce grafting. Scions will be collected from the best 
parents and grafted when the stock is ready. Surviving grafts will be 
repotted and placed in the shadehouse for the summer. The grafts will be 
planted into a clone bank at General Andrews in 1991. Grafting will continue 
in succeeding years as needed to accumulate stable numbers of ramets from the 
identified superior clones. 

It will be very important to intensively manage the aspen clone bank in order 
to encourage rapid growth and development. This will reduce the amount of 
time to flowering. Under this type of program, it may be possible to begin 
production of improved seed by the late 1990's. 

Production of Improved Seed 

The classical orchard approach to the production of genetically improved aspen 
seed is difficult if not impossible to implement. Native unimproved aspen is 
so prevalent in Minnesota that it would be very hard to locate an orchard 
convenient to an operations center that would not be contaminated by outside 
pollen. Consistent, reliable production of truly hybrid seed would be 
impossible under such conditions. Given this situation, a different approach 
has been applied to hybrid aspen. 

Under an intensive management regime of irrigation, pest control, 
fertilization, and weed control, aspen clones can be encouraged to flower 
fairly early. At this point, flower-bearing branches can be pruned and 
brought into the greenhouse for controlled pollination. This is a tried and 
true technique used for many years by the Aspen Cooperative. Following 



pollination, aspen seed develops very rapidly and is often beginning to shed 
within two weeks. The seed is easily separated from the cottony fluff, and 
will germinate immediately without stratification. Aspen seed can also be 
stored for several years in a refrigerator over a dessicant. 
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The approach outlined above will allow the Division to begin developing it's 
own supplies of genetically improved aspen seed. The clone bank also serves 
as an extra source of parent material for the Aspen Cooperative, providing an 
insurance policy against possible catastrophic loss at another facility. 

Progeny Testing 

In 1989, the Division established a two acre hybrid aspen progeny test in the 
Nickerson District. As a member of the Aspen Cooperative, the Division has an 
obligation to assist in the development of new genetic resources. This test 
will be managed according to the direction of the Cooperative. It is fully 
anticipated that the Division will continue to be involved with additional 
aspen progeny tests in the future. 

Cooperative Rssearch 

The Division will continue to support and participate in cooperative research 
projects involving aspen. Particular interest includes genetic improvement of 
bigtooth aspen, vegetative propagation, seed encapsulation, container and 
nursery production practices, and silvicultural methods. 
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GLOSSARY 

Unless otherwise indicated by an asterisk (*), the following terms have been 
supplied by the "Glossary for Forest Tree Improvement Workers" by E. B. Snyder 
(1972). 

ADAPTATION. The process of evolutionary (genetic) adjustments fitting 
individuals or groups to their environment. Also the changed structure or 
function itself. 

BREEDING ARBORETUM. A collection of selected trees or species established for 
breeding. If the collection is preserved vegetatively it is sometimes known 
as a clone bank. Spacing, culture, and protection are designed to stimulate 
early and prolific flowering for controlled pollination and seed harvest. 

CHARACTER (TRAIT). A distinctive but not necessarily invariable feature 
exhibited by all individuals of a group and capable of being described or 
measured; eg, color, size, performance. A character of a given individual 
will have a certain phenotype (state) as determined by the individual's 
genotype and environment. 

CHROMOSOME. A microscopic, usually rod-like body carrying the genes. Number, 
size, and form of chromosomes are usually constant for each species. 

CLONE. A group of genetically identical plants derived asexually from a 
single individual. 

COMBINING ABILITY. A statistical value indicating the capacity of a parent in 
crosses with other parents to transmit genes for a certain degree of character 
expression. Good general combining ability (GCA) of a parent signifies the 
high average performance of its progenies in various crosses, as compared to 
progenies of other parents in the same test. The "breeding value" of a parent 
is twice its GCA. Good specific combining ability (SCA) refers to two parents 
which, when crossed together, produce progeny better than expected on the 
basis of the parental GCA values. 

CONELET. An immature cone (strobilus) in the conifers. The term is applied 
to the young cone from the time of female "flower" scale closure after 
pollination until the initiation of rapid development of the cone a few months 
before maturity. 

CONTROLLED POLLINATION. Transfer or permitted transfer of pollen from a known 
source to receptive flower parts of known seed parents, all other pollen being 
excluded (as by covering flowers with isolation bags prior to pollination). 

CROSS. Same as hybrid. Also an abbreviation of cross-pollinate. 

DIPLOID. A cell is diploid when it contains two sets of chromosomes (2n), one 
set from each parent. Most higher organisms are diploid except for their sex 
cells and associated tissue. 

ELITE. A tree or stand verified by appropriate testing as highly superior or 
desirable for a specified environment and propagation system. The superiority 
of crossbred parents is determined by progeny tests, and that of clones by 
clonal tests. 

EVOLUTION. 
a result of 
population. 
replenished 
generations 

The stepwise development (or extinction) of biological groups, as 
the natural selection and increase of hereditary variants in the 
Assortments of initially ill-adapted variants survive or are 

in small numbers each generation. Then through successive 
change in the environment or a new environment to which the 
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organisms have migrated favors the survival and reproduction of the aberrant 
individuals with a consequent increase of their genes in the population. The 
causative processes include mutation, recombination, drift, migration, 
isolation, and natural selection. 

EXOTIC. A plant introduced from another country. Since political poundaries 
are often without biological significance, this term has limited value. 

FAMILY. A group of individuals directly related by descent from a common 
ancestor. 

FAMILY SELECTION. The selection of progeny families on their mean 
performance. In addition, the best individuals are usually selected in the 
best families. 

FERTILIZATION. Union of the nucleus and other cellular constituents of the 
male gamete (sperm) with those of a female gamete (egg) to form a zygote. In 
some species, fertilization may occur months after pollination. 

FOREST TREE BREEDING. Applying knowledge of genetics to develop improved 
trees. In a narrow sense, the term refers to propagation by artificial 
pollination. Usually, however, it connotes breeding systems varying from 
harvesting see~ from only the best sources (mass selection) to sophisticated 
multi-phase, multi-generation programs of controlled pollination. 

FOREST TREE IMPROVEMENT. Usually synonymous with forest tree breeding, but 
may refer to tree breeding in combination with cultural practices. 

GENE. The smallest transmissible unit of genetic material consistently 
associated with a single primary genetic effect. The genes are ultra­
microscopic and act as if linearly arranged at fixed places (loci) on a 
chromosome. Each gene, by interacting with other genes and the environment, 
governs a certain physiological effect in the cell and is expressed as one or 
more characters. 

GENETIC GAIN. Average impreovement in a progeny over the mean of the parents. 
Gain is achieved by selection in the parental generation; the amount depends 
on selection intensity, parental variation, and heritability. 

GENETICS. Genetics is the basic science dealing with causes of resemblances 
and differences among organisms related by descent. It takes into account the 
effects of genes and the environment. When the basic knowledge of genetics is 
applied to breeding trees, the effort is preferably referred to as forest tree 
breeding or forest tree improvement. 

GENOTYPE. (1) An individual's hereditary constitution, with or without 
phenotypic expression of the one or more characters it underlies. Also the 
gene classification of this constitution expressed in a formula. The genotype 
is determined chiefly from performance of progeny and other relatives. It 
interacts with the environment to produce the phenotype. (2) Individual(s) 
characterized by certain genie constitution. 

GENOTYPE-ENVIRONMENT INTERACTION. The failure of entries to maintain the same 
relative ranks and level of differences when tested in different environments. 
The tests are planted at more than one location or under more than one 
cultural condition. 

GEOGRAPHIC VARIATION. The phenotypic differences among native trees growing 
in different portions of a species' range. If the differences are largely 
genetic rather than environmental, the variation is usually specified as 
racial, ecotypic, or clinal. 
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GRAFTING. Uniting parts of separate individuals by matching their tissue so 
that union and growth can occur. Commonly, an aerial portion (scion) is 
joined with a rootstock. Both the site of the union and the composite 
individual are termed grafts. B~cause the scion retains its original genetic 
constitution, grafting is valuable for preserving, testing, and propagating. 

HAPLOID. having one complete set of chromosomes per cell. These are the n 
chromosomes normal in sex cells as compared to the 2n in vegetative cells. 

HERITABILITY. Degree to which a character is influenced by heredity as 
compared to environment. Narrow-sense heritability is the fraction of total 
variation that is contributed by additive effects of genes; ie, it is the 
ratio of additive genotypic variance to phenotypic variance. Broad-sense 
heritability, applicable to vegetatively propagated species, includes also 
non-additive effects. High heritability indicates that individual phenotypes 
are indicative of their genotypes. If calculated from parent-progeny data it 
estimates the degree of resemblance between parent and progeny. 

HETEROSIS. Hybrid vigor exhibited when the mean F1 hybrid phenotype falls 
outside the range of the parents. Statistically: An increase over the mean 
of the parents. Usually applied to traits such as size or general 
thriftiness. 

HYBRID. (1) The offspring of genetically different parents. The term is 
applied as well to the progeny from matings within species (intraspecific) as 
to those between species (interspecific). Hybrids combine the characteristics 
of the parents or exhibit new ones. (2) An individual possessing unlike 
alleles. 

INBREEDING. Production of relatively homozygous offspring by mating related 
organisms, usually by selfing. This procedure, especially if carried out for 
a number of generations, exposes undesirable recessive characters and is used 
with selection to fix desirable ones, ie, to render them true-breeding. 
Inbreeding of normally crossbred organisms frequently results in an 
"inbreeding depression" of vigor or fertility, but the vigor can usually be 
restored and may even be increased by crossbreeding again, eg, the heterosis 
of hybrid corn. 

INDIVIDUAL SELECTION. From a family or population single plants are selected 
on their own merit as parents or ortets. Sometimes called phenotypic 
selection. 

LOCAL SEED SOURCE. Source native to the locality in which the seedlings are 
to be grown, ie, belonging to the indigenous geographic race. Its seed­
collection zone is usually defined experimentally as being within a certain 
distance or elevation of the planting site. 

MASS SELECTION. Use of seed from individuals chosen for a certain common 
phenotype from a larger population, and then composited. The larger 
population provides the male parentage, and selections are not intermated 
prior to seed use. Thus, seed may be collected from selected trees of a wild 
stand and used in a commercial planting of for establishing a seedling seed 
orchard. The process may be repeated through successive generations. Note, 
however, that collecting seed from a rogued orchard is recurrent selection. 

MATING DESIGN (SYSTEM). The pattern of pollinations set up between 
individuals. It is described, eg, as random, systematic, diallel, or 
according to parental similarities. 

OPEN POLLINATION. Natural pollination effected by wind or insects, and not 
directly influenced by man. As a progeny-test method, it may provide 
information on general combining ability of the seed parents. 



ORTET. The original plant from which a clone has been derived. 

PEDIGREE. Record of ancestry. 

PHENOLOGY. The study of relations between plant development and seasonal 
climatic changes, such as in temperature or day length, especially as such 
changes affect periodic phenomena like leafing, flowering, and dormancy. 
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PHENOTYPE. The plant or character as we see it; state, description, or degree 
of expression of a character; the product of the interaction of the genes of 
an organism (genotype) with the environment. When the total character 
expressions of an individual are considered, the phenotype describes the 
individual. Similar phenotypes do not necessarily breed alike. 

PLUS. Appearing distinctly superior to the average. The term is used for 
describing phenotypes of both stands and single trees. The superior 
character(s) shaould be specified, ie, plus for volume, quality, pest­
resistance, or combination of characters. 

POLLINATION. Deposition of pollen on the receptive part of the female flower. 
In angiosperms this is the stigmatic surface, in gymnosperms the ovule tip. 

POLYPLOID. Having more than twice the basic number x of chromosomes of the 
ancestral species in its vegetative cells. A cell, tissue, or organism having 
three sets (3x) is called a triploid, and four sets (4x) tetraploid. 

POPULATION. Genetically, a group of similar individuals related by descent 
and so delimited in range by environmental or endogenous factors as to be 
considered a unit. In cross-bred organisms the population is often defined as 
the interbreeding group. 

PROGENY TEST. Evaluation of parents by comparing the performance of their 
offspring. Accuracy is usually gained because several to many offspring per 
parent are evaluated under more controlled conditions than exist for the 
parent. 

PROVENANCE. The original geographic source of seed, pollen, or propagules. 

QUANTITATIVE INHERITANCE. Inheritance of characters, such as size, which vary 
continuously (quantitavely) and which cannot be reasonably categorized. From 
three to hundreds of genes may control such characters. These genes (multiple 
factors or polygenes) act cumulatively and cannot be detected by their 
individual effect. Quantitative characters are usually subject to 
considerable modification by the environment and hence require refined 
statistical techniques in their study. 

RAMET. An individual member of a clone. 

RECURRENT SELECTION. Selecting individuals or families and intermating them 
or allowing them to interpollinate to produce the next generation, eg, a seed 
production area or a clonal seed orchard. The new generations are generally 
used as foundation populations in which to start repeated cycles of selection 
and breeding. 

ROGUING. Systematic removal of individuals not desired for the perpetuation 
of a population; culling. 

ROOTSTOCK. The root-bearing plant or plant part, usually stem or root, onto 
which another plant is grafted. 

SCION. An aerial plant part, often a branchlet, that is grafted onto the 
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root-bearing part (rootstock) of another plant. 

SEED COLLECTION ZONE. Zone of trees with relatively uniform genetic (racial) 
composition as determined by progeny-testing various seed sources. The 
encompassed area usually has definite geographic bounds, climate, and growing 
conditions. A single geographic race may be divided into several zones. 

SEED ORCHARD. A plantation consisting of clones or seedlings from selected 
trees, isolated to reduce pollination from outside sources, rogued of 
undesirables, and cultured for early and abundant production of seed. 

SEED PRODUCTION AREA. A plus stand that is generally udgraded and opened by 
removal of undesirable trees and then cultured for early and abundant seed 
production. 

SEED SOURCE. The locality where a seed lot was collected; also the seed 
itself. If the stand from which collections were made was in turn from 
nonnative ancestors, the original seed source should also be recorded and 
designated as the provenance. 

SELECTION. Often synonymous with artificial selection, which is the choice by 
the breeder of individuals for propagation from a larger population. 
Artificial selection may be for one or more desired characteristics. It may 
be based on the tree itself (phenotypic), or on the tree's progeny or other 
relatives (genotypic). Refers also to the tree selected. 

SELECTION INDEX. A value quantifying the overall desirability of selected 
parents by simultaneously considering their characters. The weight toward 
total score assigned to a character of a selected individual depends on the 
character's phenotypic magnitude, heritability, correlations with other 
characters, and economic value. 

SELF-POLLINATION. "Selfing" is the pollination of a flower with pollen from 
the same tree or clone, the offspring being termed "selfs". 

SIBS (SIBLINGS). Offspring which have one or both parents in common. Full 
sibs have both parents in common; half-sibs, only one. 

SUBLINE*. A small breeding group, usually comprised of 30 or less clones, 
separated out from the main population. These breeding groups are usually 
maintained as distinct plantations, isolated from other sublines and from wild 
sources of pollen. 

VEGETATIVE PROPAGATION. Propagation of a plant by asexual means, as in 
budding, dividing, grafting, rooting, and air layering. Hereditary 
characteristics of the resulting clone (rame~s) are identical with those of 
the original plant (ortet). 




